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(57) ABSTRACT 

In a dental root canal instrument which comprises a working 
part 1 provided with cutting edges, the working part being 
provided with one or more cutting edges 2 distributed 
around the circumference of the working part in the croSS 
Section thereof, and the instrument having a free end of the 
working part 1 designated as a tip 3, the tip 3 being formed 
as a rounded cap, and wherein a portion of the working part 
1 which follows the tip 3 is designed over a length desig 
nated as a guide Section 7 Such that material is removed 
exclusively within a range of not more than 180° of the 
circumference thereof, the invention Suggests that the work 
ing part 1 should comprise, as a rule, two or more helically 
extending cutting edges 2, with only one cutting edge 2 
being arranged in the guide Section 7 and the guide Section 
7 towards the tip being of a more tapering conicity than the 
remaining working part 1. AS for the method, it is Suggested 
that a cylinder should first be produced which is ground to 
obtain a blank, the blank being Subjected in Subsequent 
working Steps to a deep-grinding process for forming the 
cutting edges 2. 

13 Claims, 4 Drawing Sheets 
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ROOT CANAL INSTRUMENT AND METHOD 
FOR THE PRODUCTION THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is the national stage under 35 U.S.C. 
$371 of International Application PCT/EP99/08731, filed 
Nov. 12, 1999, which claims foreign priority benefits under 
Title 35, United States Code, S119(a)-(d) and $365(b) of 
German Patent Application No. 19852931.7 filed Nov. 18, 
1998. 

BACKGROUND 

1. Field of the Invention 

The present invention relates to a dental root canal 
instrument according to the preamble of claim 1 and to a 
production method for a root canal instrument. 

2. Related Art 

The present invention relates to a dental root canal 
instrument according to the preamble of claim 1 and to a 
production method for a root canal instrument. 

Such root canal instruments of a first type are known in 
practice as “reamers' or files. The working part of the 
generic root canal instruments is e.g. formed from a uni 
formly twisted rod having a triangular or tetragonal croSS 
Section So that a croSS Section laid through the working part 
has three or four cutting edges distributed around the cir 
cumference of the instrument, the cutting edges extending 
up to the tip of the instrument. 

Such generic instruments are used for cleaning infected 
root canals and to abrade material in the tooth root as evenly 
as possible around the circumference of the root canal. Since 
the portions of the tooth root adjacent to the root canal may 
be infected, it is desired that tooth material is removed, if 
possible, everywhere around the original free cross-section 
of the root canal. 

Due to their inherent StiffneSS Said generic root canal 
instruments remove not only more material on the outside of 
the bend of the root canal, but also have the drawback that 
in Said area they exclusively treat the outer portion whereas 
there is no abrasion on the curve inside of Said curved root 
canal area, So that foci of infection might be left there. 

Said generic root canal instruments have cutting edge 
angles of less than 45, i.e. the polygonal cross-sections are 
twisted Such that the angle of the cutting edge relative to 
longitudinal axis of the root canal instrument is less than 
45. This results in an operation in which material is 
Substantially removed in the root canal by rotating the 
instrument, with the instrument being advanced at the same 
time. 

Generic root canal instruments of a Second type are 
known as so-called “Hedström files". The working part of 
Said files has a Single coiled cutting edge So that only a single 
cutting edge can be seen on each cross-section laid through 
the working part. The cutting edge angle is here more than 
45 and ranges from 45 to 90. Consequently, this instru 
ment entails an operation in which the instrument is moved 
back and forth in its longitudinal direction, as is known from 
the handling of files used in the wood- or metal-working 
industry. 

With Such an operation these root canal instruments of the 
Second type do also not abrade material on the curved inside 
of the bent portion of the root canal and have the additional 
drawback that in comparison with the outer cross-sectional 
contour of the working area the inner core has a much 
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2 
Smaller cross-section So that these instruments break easily 
when they are operated in rotating fashion in a way Similar 
to that of the first-mentioned type of instrument. 
DE 38 05 580 A1 discloses a tooth root-treating instru 

ment whose tip is rounded to have a Semispherical shape. AS 
a consequence, there is no guide Section. Furthermore, the 
two cutting edges extend into the tip portion. 

U.S. Pat. No. 4,332,561 relates to a root canal instrument 
which comprises a Semispherical tip which is followed by a 
Small-diameter cylindrical attachment. Hence, the document 
does not show a guide Section with only one cutting edge. 
A further root canal instrument is already known from 

U.S. Pat. No. 5,464,362. The tip of said instrument is made 
conical like in the case of a drill; the tool comprises two 
cutting edges. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to improve a 
generic root canal instrument Such that it allows an operation 
that is as efficient as possible, i.e. a material removal that is 
an efficient as possible at the desired places of the root canal, 
and provides protection that is as high as possible against 
unintended material removal. 

Furthermore, it is another object of the present invention 
to provide a method used for producing the root canal 
instrument of the invention, which while being very precise 
can be carried out easily and at low costs. 
According to the invention a root canal instrument 

includes a working part which comprises three different 
portions: Firstly, the cap-like rounded and thus cutting 
edge-free tip of the working part (1 Section), then the guide 
section (2" section) which comprises a single cutting edge, 
namely exclusively over not more than 180 of its 
circumference, So that this cutting edge arrangement can 
achieve a very Selective or targeted effect on the removing 
action with the root canal instrument and thus a very 
Selective treatment of the canal wall on the inside of bends, 
and finally the section (3' section) making up the largest 
part of the working part, in which the working part com 
prises two or more cutting edges and permits a correspond 
ingly efficient action of removal. Since the cutting edges are 
designed to extend in helical fashion, a large machined space 
is created for receiving the removed material, whereby the 
efficiently of the root canal instrument is enhanced. 

Since Said third Section of the working part accounts for 
the largest length of the working part, it can be said that the 
working part is “in principle equipped with two or more 
cutting edges, but in contrast to Said principle the guide 
Section and the tip of the working part may be equipped, as 
already described, with only one cutting edge (in the guide 
Section) or without any cutting edge (on the tip). Depending 
on the diameter of the working part, the guide Section may 
have a very Small length, i.e. in the case of Small ISO sizes 
a length of about 1 mm. Nevertheless, the cutting edge 
arrangement on the guide Section permits-even in the case 
of Small lengths of Said Section-the desired guide action 
which makes it possible to exactly control a material 
removal on the inner wall of the curved portion of a root 
canal. 

There may be provided an arrangement that is irregularly 
distributed around the circumference of the working part and 
comprises two or more cutting edges as a rule: For instance, 
cutting edges which are in relatively close vicinity with one 
another may have arranged diametrically opposite thereto a 
portion of the circumference of the working part without any 
cutting edge. The root canal instrument can rest with Said 



US 6,702,579 B1 
3 

cutting edge-free circumferential portion on a large area of 
the wall of the root canal and have a Supporting effect which 
permits a particularly efficient removal work of the circum 
ferentially opposite cutting edges on the wall of the root 
canal. Apart from this increased efficiency, Such an arrange 
ment of the cutting edges permits a reliable control of the 
material removal when material is just to be removed on a 
Specific circumferential portion of the root canal. 
When only two cutting edges are provided in principle, 

this will first of all result in a higher contact pressure for the 
two cutting edges, by comparison with the arrangement of 
Several cuffing edges, and thus in an enhanced work perfor 
mance and, Secondly, depending on the design of the croSS 
Sectional profile of the working part, in a very large 
machined space for receiving and possibly transporting 
away the removed material, whereby the efficiency of the 
cutting edges is further enhanced. 

The arrangement of basically three cutting edges that are 
equally Spaced apart from one another on the circumference 
of the working part may be chosen to achieve a practical and 
acceptable compromise when different, partly contradictory 
demands are to be met: 

Firstly, the number of the cutting edges is Sufficiently 
Small for a high contact pressure of the cutting edges and 
thus for a high efficiency of the root canal instrument, 
Secondly, the machined space is Sufficiently large for trans 
porting away the removed material, thereby enhancing the 
great efficiency of the root canal instrument, thirdly, the 
croSS-Sectional contour of the working part may be designed 
to be relatively sturdy, which increases the service life of the 
root channel instrument and its resistance to breakage, and 
thus reduces the risk of injury for the patient, and, fourthly, 
this arrangement permits an inexpensive production method 
for the working part in that Said part can be made from a 
twisted rod material with a triangular or tetragonal croSS 
Section. 

The invention shall now be explained with reference to an 
embodiment regarding both the root canal instrument and 
the method, which embodiment is to be taken in conjunction 
with the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a purely schematic view on the portion of the tip 
and the portion of the working part of a root canal instrument 
near the tip; 

FIGS. 2-4 are cross-sections through the working part of 
FIG. 1 along the sectional planes marked by II-IV; 

FIG. 5 is a perspective side view of an initial material for 
producing the root canal instrument; 

FIG. 6 is a simplified side view of a blank for the root 
canal instrument according to the invention; 

FIG. 7 is a simplified illustration of the machining opera 
tion for producing the root canal instrument according to the 
invention; 

FIG. 8 is a sectional view through the working part, by 
analogy with the illustration of FIG. 7, after a first machining 
Step, 

FIG. 9 is a sectional view, similar to FIG. 8, after a second 
machining Step; 

FIG. 10 is a sectional view, similar to FIGS. 8 and 9, after 
a third machining Step; 

FIG. 11 is an enlarged, schematic illustration of the tip of 
the root canal instrument shown in FIG. 7; and 

FIG. 12 is a simplified sectional view of a tooth root with 
a root canal in which the root canal instrument of the 
invention is used. 
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4 
DETAILED DESCRIPTION 

In FIG. 1, reference numeral 1 generally designates the 
working part of a dental root canal instrument, Said working 
part 1 being provided on its circumference with cutting 
edges 2 which extend around the working part 1 in helical 
fashion and are outlined in a purely Schematic manner. 
The free end of the working part 1 is designated as a “tip” 

3, the term being adopted by tradition and the tip 3 being in 
fact not pointed, but rounded in the manner of a cap, e.g. in 
the form of a spherical Segment. 
The working part 1 is of a conicity which is made uniform 

over the major part of the length thereof. Next to the tip 3, 
however, the working part 1 comprises a transitional portion 
4 of a much greater conicity. The transitional portion 4 is 
followed at the end of the transitional portion 4 remote from 
the tip 3 by a Section of the working part 1 having a Standard 
conicity. 

Only one cutting edge 2 is arranged within the transitional 
portion 4 because Said transitional portion 4 forms part of a 
guide Section 7 in which the working part 1 is provided just 
over 180° of its circumferential Surface with a single cutting 
edge 2. Due to the great conicity in the transitional portion 
4, the cutting edge 2, which is per Se Sharp-edged, is Slanted, 
as becomes apparent from FIG. 1 along Sectional line II, but 
in particular from the cross-sectional view taken along Said 
croSS-Sectional line II according to FIG. 2: AS can be seen, 
only one cutting edge 2 is formed on the circumference, and 
Said cutting edge 2 does not extend up to a sharp-pointed 
cutting edge, but is blunted because of the great conicity in 
the transitional portion 4. 
The portion that is opposite to the cutting edge 2 is 

rounded in the manner of a circular segment, resulting in an 
abutment of a very large area for the root canal instrument 
on the wall of the root canal, So that thanks to Said large 
abutment the efficiency of the Single cutting edge 2 is 
enhanced and an undesired penetration of the root canal 
instrument into portions of the root canal wall that are not to 
be treated is efficiently prevented. 

The transitional portion 4, which can be seen in FIG. 1, is 
followed by the further part of the guide section 7, a 
croSS-Section along Sectional line III being visible in 

FIG. 3. The cutting edge 2, which has already been shown 
in FIG. 2, can here be seen with its Sharp-edged operative 
tip, and it is here also apparent that only a single cutting edge 
2 is formed on the circumferential portion of the working 
part 1 in the area of the guide Section 7. In this instance, too, 
one obtains a large-area circumferential portion of the work 
ing part 1 that extends in rounded fashion and is opposite to 
the cutting edge 2, So that a large abutment will here also be 
created during the treatment of a root canal 8. The abutment 
exclusively effects a material removal in the area treated by 
the cutting edge 2, So that the dentist who is handling the 
root canal instrument can control in a very accurate manner 
on which circumferential portion of the root canal 8 such a 
material removal is to take place. 

Furthermore, a very large machined space is created due 
to the Single existing cutting edge 2, as becomes apparent 
from the circular line 5 shown in FIGS. 2 and 3: This circular 
line 5 describes the circle around a center point 6 of the 
working part 1 within which the croSS Section of the working 
part 1 is arranged Such that Said circular line 5 corresponds 
approximately to the lumen of the root canal 8 which is filled 
by the working part 1. The large machined Space which has 
been provided makes it possible to receive and optionally 
discharge the removed material in a reliable manner, So that 
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the root canal instrument does not become clogged and does 
not lose its efficiency. In particular, this large and free 
machined space is created in that the croSS-Section of the 
working part is obtained from a basically triangular contour 
of the rod material forming the working part 1. 
AS can be seen in FIG. 4, a croSS Section is obtained 

according to sectional line IV in FIG. 1 through the longest 
Section of the working part 1 that is positioned between the 
guide Section and the handling part (not shown) of the root 
canal instrument. This handling part may be designed as a 
grip or handle or as a connection part that is connectable to 
a treating machine. In this largest Section of the working part 
1 the latter has a triangular cross-section on three cutting 
edges 2 that are uniformly offset on the circumference 
thereof, with the circular line 5 shown in FIG. 5 
representing-due to the helically coiled cutting edges 
2-the outer circumferential contour of the working part 1 
in Said largest Section of its length. The conicity of the 
working part 1 becomes apparent from the different diam 
eters of the circular lines 5 in FIGS. 2 to 4. 

Each of FIGS. 5 to 11 shows individual working sections 
for producing the root canal instrument according to the 
invention. 

First of all, FIG. 5 schematically shows an initial material 
which is shaped in the form of a cylinder that may e.g. have 
a length of 50 mm. It is made from a rod or a ring consisting 
either of a stainless Spring Steel or of a nickel-titanium alloy. 
It can be produced in a forming process or in a machining 
process, e.g. by Way of grinding. 

In a Subsequent working step (see FIG. 6), a blank is 
made. The tip 3 of the blank is first of all frustoconically 
ground and then rounded off, as has been explained in the 
preceding description. Furthermore, the blank is frustoconi 
cally ground by analogy with the above information, 
wherein both the conical shape of the transitional portion 4 
and that of the guide section 7 (see FIG. 1) are formed. Thus 
both the length and the respective conical angle of the 
conical portion correspond to the dimensions of the finished 
root canal instrument. 

FIG. 7 schematically shows the preparation of the spiral 
like cuffing edges 2 and grooves 11. They are produced by 
means of a rotatably Supported grinding wheel 12 in a 
Special deep-grinding process. The previously conically 
ground portion (see FIG. 6), which has a circular cross 
Section, is guided along the rotating grinding wheel 12 while 
the blank is rotated around its own longitudinal axis. The 
rotational movement of the blank is illustrated by arrow B 
whereas the longitudinal movement is indicated by arrow A. 
Arrow C shows the rotation of the grinding wheel around its 
stationary shaft 12. Thus a first groove 11 that extends in 
Spiral-like fashion around the axis 14 is formed according to 
the invention. 

FIG. 8 is a Sectional view showing this machining opera 
tion. It goes without Saying that Said machining operation 
can be carried out either in one pass or in Several Successive 
and analogous passes. Thus a groove 11 or area which 
extends in spiral-like fashion around the instrument axis 14 
(FIG. 8) is formed and extends over the whole length of the 
conical portion. 

Following this machining operation the blank is indexed. 
This means that the position of the produced groove 11 is 
exactly determined and the blank is aligned therewith. 
Subsequently, the blank is again moved along the grinding 
wheel 12, whereby a second groove 11 is produced. Said 
groove is shown in section in FIG. 9, with the first groove 
being marked as 11a and the Second groove as 11b. It also 
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6 
goes without Saying that Said machining operation can be 
carried out by the grinding wheel 12 either in one pass or in 
Several passes. 
As follows in particular from the illustration of FIG. 9, a 

cutting edge 2 is formed between the two grooves 11a and 
11b. 

FIG. 10 shows that when the last operation is repeated 
once again a third groove 11C can be formed for producing 
two further cutting edges 2. However, it is also within the 
Scope of the present invention to give the root canal instru 
ment a tetragonal or pentagonal or any other desired polygo 
nal cross-sectional shape. 
When the second and/or the further spiral grooves 11 are 

ground, a length of about 1 mm first remains untreated in the 
front part of the blank, as can be seen in FIG. 11, before the 
grinding wheel 12 dips into the area of the blank. This has 
the effect that the triangular or polygonal cross-sectional 
shape of the root canal instrument is only given its complete 
form after a length of about 1 mm. In the close vicinity of 
the tip 3 of the root canal instrument a guide Section is 
thereby created that has a length of about 0.5 to 2.5 mm and 
does not remove material at the one Side, but removes 
material at the other Side, thereby ensuring a reliable treat 
ment of curved root canals 8. The cross-sectional shape 
shown in FIG. 9 is e.g. of a design in the case of which only 
one cutting edge 2 is provided for and is opposite to a 
rounded portion. Said rounded portion Serves as a Support 
whereas the cutting edge 2 carries out the treatment. 

It is within the scope of the method of the invention that 
a metal-bonded grinding wheel with a CBN grinding grain 
is preferably used for grinding the blank, provided that the 
blank is made from a Stainless high-quality Steel or Spring 
steel. When the blank is made from a nickel-titanium alloy, 
a resin-bonded grinding wheel with a diamond-based grind 
ing grain is preferably used. The grain sizes of the grinding 
wheels are preferably between 46 and 76 um. 

Particularly advantageous machining parameters are 
given according to the invention whenever a cutting Speed of 
27 m/sec and a feed rate of 0.04 m/min are employed in the 
case of a blank made from Stainless Steel. In a blank made 
from a nickel-titanium alloy it is of particular advantage 
when the cutting speed is 45 m/sec and the feed rate 0.08 
m/min. 

It goes without saying that the illustrations in FIGS. 2 to 
4 correspond to those of FIGS. 8 to 10. In FIGS. 8 to 10 the 
rounded portions relative to the untreated circumferential 
portions of the blank as well as the exact design of the 
cutting edge (see FIG.2) are not shown in detail. Thus FIGS. 
8 to 10 serve in particular a better understanding of the 
invention while FIGS. 2 to 4 are more exact illustrations of 
the respective cross-sections in the finished State. The 
rounded portions as shown Serve, in particular, the purpose 
of deburring and an improved handling of the root canal 
instrument. 
The present invention is not limited to the embodiments 

shown; rather many modifications and alterations are pos 
Sible within the Scope of the present invention. 
What is claimed is: 
1. A root canal instrument comprises: a working part 

provided with cutting edges, Said working part being pro 
Vided with a plurality of cutting edges distributed over the 
circumference thereof on the croSS Section thereof, and Said 
instrument having a free end of Said working part designated 
as a tip, Said tip being designed as a rounded cap, and a 
transitional portion of Said working part which follows Said 
tip being designed over a length designated as a guide 
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Section Such that material is removed exclusively within a 
range of not more than 180° of the circumference thereof, 
Said working part comprising two or more helically extend 
ing Cutting edges, only one cutting edge being arranged in 
Said guide Section and Said guide Section towards Said tip 
being of a more tapering conicity than the remaining work 
ing part. 

2. The root canal instrument according to claim 1, wherein 
two or more cutting edges are irregularly Spaced apart from 
one another on the circumference of Said working part. 

3. The root canal instrument according to claim 1 or 2, 
wherein Said working part comprises two cutting edges on 
its circumference. 

4. The root canal instrument according to claim 1 or 2, 
wherein Said working part is provided on its circumference 
with three cutting edges that are evenly spaced apart from 
one another. 

5. A method for producing a root canal instrument which 
comprises a working part which is provided with two or 
more helically extending Cutting edges and which is fol 
lowed by a guide Section including only one cutting edge, 
which towards a tip of Said root canal instrument is of a more 
tapering conicity than the remaining working part, Said 
guide Section being designed to remove material eXclusively 
within a range of not more than 180° of the circumference 
thereof, 

producing a cylinder from an initial material, 
grinding on Said cylinder a tip and a frustoconical portion 

next to Said tip, Said frustoconical portion having the 
above-described different conical shapes, 

rotating and grinding Said cylinder with Said frustoconical 
portion around its longitudinal axis by means of a 
rotating grinding wheel which is movable along Said 
cylinder with Said frustoconical portion, So as to form 
a grOOVe, 

indexing Said cylinder with Said frustoconical portion and 
grinding a rotating grinding wheel along Said cylinder 
with Said frustoconical portion So as to form a further 
grOOVe. 
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6. The method according to claim 5, wherein Said grinding 

operation is repeated Several times. 
7. The method according to any one of claim 5 or 6, 

further wherein the last groove is ground a length of about 
0.5 to 2.5 mm is depending upon the ISO size of the 
instrument in the front guide Section that is Subsequent to 
Said tip and does not effect a material removal at the one 
Side, but removes material at the other Side, thereby ensuring 
a reliable treatment of curved root canals, Said length being 
not machined by Said grinding wheel. 

8. The method according to claim 7, wherein in the part 
having a length of about 0.5 to 2.5 mm a guide Section is 
formed which does not remove material at the one side, but 
removes material at the other Side, thereby ensuring a 
reliable treatment of curved root canals. 

9. The method according to any one of claims 5 to 6, 
characterized in that a metal-bonded grinding wheel with a 
CBN grinding grain is used for grinding Said grooves. 

10. The method according to any one of claims 5 to 6, 
wherein a resin-bonded grinding wheel with a diamond 
based grinding grain is used for grinding Said grooves. 

11. The method according to any one of claims 5 to 6, 
wherein a grinding wheel having a grain size between 46 and 
76 um is used for grinding Said grooves. 

12. The method according to any one of claims 5 to 6, 
wherein for the production of a root canal instrument made 
from Stainless Steel a cutting Speed of 27 m/sec and a feed 
rate of 0.04 m/min are employed for forming Said grooves 
and Said cutting edges, respectively. 

13. The method according to any one of claims 5 to 6, 
wherein for the production of a root canal instrument made 
from a nickel-titanium alloy a cutting Speed of 45 m/sec and 
a feed rate of 0.08 m/min are employed for forming said 
grooves and Said cutting edges, respectively. 


